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Abstract 
The effects of different induced velocities on the central extraction system for a tunnel are investigated for a 100MW fire scenario. 
Computer modeling is used for the investigation with a numerical simulation method. The selection of five different induced velocities is 
evaluated and compared. The smoke control strategy in this study is downstream dampers in the vicinity of fire site opened with number 
of three and the upstream jet fans supplying airflow as the induced velocity. Distributions of smoke propagation, temperature and 
visibility in variation of induced velocities are analyzed. The results show that larger induced velocity is needed to restrict smoke to the 
region between the fire site and the damper openings for safe evacuation. Additionally, the gradients of upstream temperature decreases as 
the induced velocity increases. The results also suggest that the impacts of the induced velocity on the upstream visibility have a 
correlation with the back layering. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Beijing Institute of 
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Nomenclature 
D* characteristic fire diameter (m) 
Q  total heat release rate (kW) 
  ambient density (kg m-3) 
T  ambient temperature (K) 
pc           specific heat at constant pressure (kJ (kg
-1K-1)) 
g            acceleration due to gravity (m s-2) 
1. Introduction 
Tunnels are essential parts of world transport infrastructures with key roles both in people and goods transfer. With the 
conveniences to us, tunnels have brought new challenges to the fire safety [1]. Although the number of tunnel miles are 
relatively small, and the rate of accidents inside them are lower than in open roads, an accident involving fire in a tunnel is 
much more dangerous and causes much more alarm. Smoke produced in tunnel fires could significantly reduce the visibility 
of egress and would be an obstacle to evacuate, which is the main reason caused many casualties [2]. The smoke control 
systems include longitudinal and extraction systems, which applied in tunnels could act vital functions in maintaining 
tenable conditions for safer evacuation and fire fighting. 
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Wu Dexing et al [3] studied on the design concept of the central extraction system and pointed out that the central 
extraction system had obvious superiority in smoke control of the tunnel fire. At present, the study and application of the 
central extraction system are relatively less in China, especially in the fields of large tunnel fires [4]. The operational 
activation of the central extraction system is much more sophisticated than the longitudinal ventilation, which is because 
many factors are determined to active properly the extraction system. The induced velocity as one of the main factors is 
studied in this paper. The fires in tunnel were mainly focused on the small scale while the large fires such as heavy goods 
vehicle fire were conducted a little. Thus, the effects of induced velocity on the central extraction system in a large tunnel 
fire are presented in this study. 
2. Fire scenario 
Fire is a complicated phenomenon that depends on many factors and it is difficult to quantify. The HRR of design fires in 
tunnels are based on the fire safety equipment such as the smoke management systems .The value of peaks between 20MW 
and 50MW had been commonly used for tunnel fire designs. However, studies carried out in the past decades showed that 
the peak heat release rate between 100MW and 200MW could be more realistic, e.g., a HGV (heavy goods vehicle) fire in a 
tunnel [5]. The developed fire phase was always used to study the flow fields and temperature distributions in the fire tunnel. 
Thus, this study set a steady-state fire with 100MW representing a typical HGV fire in a tunnel to obtain the severe fire 
scenario. The fuel simulated in the study is the methanol with thermal parameters obtaining from FDS database. 
3. Numerical modeling 
The computational fluid dynamics code FDS (Fire Dynamics Simulator) developed by NIST is used in this study with 
version 5.3.0. The valid and verification (V&V) of FDS [6] carried out have been corroborated this code suitable for fire 
safe analysis. FDS solves numerically a form of the Navier-Stokes (N-S) equations appropriate for the low Mach, thermally-
driven flow with an emphasis on smoke and heat transport from fire [7]. Governing equations of FDS could be found in Ref 
[6]. 
3.1. Tunnel modeling 
This paper describes the impacts of the induced velocity on the central extraction system for a rectangular cross section 
tunnel simplified from a real with a high value of HRR fire [8]. The cross section of the tunnel studied here is 10m wide and 
7m high. Modern tunnels have usually long distance, which poses heavy challenges to computer to simulate fires with the 
total tunnel length and escalates largely time cost. The flow fields in a fire tunnel would have significant variations only in 
the vicinity of fire site affecting by smoke control systems. Thus, in this study, 600m tunnel length is chosen. The cross 
section of the traffic space and exhaust duct are 10m×4.7m and 10m ×1.8m respectively. A central extraction system with 
smoke dampers is installed above the traffic space. The total opening area of the dampers in the study is 24 m2. The 
downstream dampers are opened with number of three at intervals of 60m. Each area of the damper is 8m2. The two exhaust 
fans are located both ends of the tunnel with each area of 12m2. The layout of the tunnel simulated in this study is shown in 
Fig 1. 
(a)  
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(b)  
Fig. 1. Layout of the tunnel fire simulation cases (a) longitudinal sketch with central extraction system and (b) cross-section profile of A-A section. 
3.2. Sensitivity analysis 
The current version of FDS only supports Cartesian coordinate grid system [9], which are typically structural girds. FDS 
holds the LES (large eddy simulation) method to handle the turbulence problem, so that proper grids needed could capture 
the simulation details. The grid dimension near the fire site is initially determined by using a characteristic fire diameter D*. 
The diameter could be represented by Equation (1). 
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When the grid of FDS domain is taken as 0.1D*, then the average axle center velocity and temperature in the LES model 
would meet Baum and MaCaffery [10] experimental curve fitting equation. Petterson [11] suggested that further away from 
the fire location, the largest cell size in the computational domain should not exceed 0.5 D*. In the current study, the HRR 
used is 100MW, D* is computed to be 6.0m, then 0.1 D* is approximately 0.6m that can be taken as a reasonable grid size. 
Consideration of the dimensions of dampers and fans, the grid dimensions of this study are 0.5m (X) ×0.5m (Y) ×0.47m (Z). 
Total grids number is 360,000. 
3.3. Boundary conditions setup 
With the length of tunnel determined, proper boundary conditions should be set in sake of acceptable results. A jet fan is 
set at entrance with providing the induced airflows into the tunnel space in FDS. The induced velocity as a key parameter in 
the study is chosen by referencing the Ref [2] and shown in Table 1 for each fire scenario respectively. The smoke 
extraction fans are mounted at the two ends on the exhaust duct ceiling. The capacity of each exhaust fan is 120m3/s. The 
exit of the tunnel is set at atmosphere pressure represented by an open in the FDS. The ambient temperature and initial 
temperature are specified as 30 . The simulated duration time is 600s. 
Table 1. Details of the induced velocity setup 
Case Induced velocity (m/s) HRR (MW) Extraction capacity (m3) Number of extraction dampers 
B1 1.5 
100 240 3 
B2 2.0 
B3 2.5 
B4 3.0 
B5 3.5 
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4. Numerical analysis 
In order to assess the effects of the induced velocity changing on the extraction system in a large tunnel fire, the contours 
of smoke propagation, temperature and visibility at the central plane of the traffic space are presented. The results were 
obtained when the simulation time reached 600s. 
4.1. Smoke distribution 
Basically, as result of the heat release around the fire site and thermal buoyancy, the smoke is lifted up to the tunnel 
ceiling near the fire site and spread towards both sides of tunnel without smoke control regimes. However, when the central 
extraction system is engaged, the smoke distributions affected by different induced velocities are shown in Fig 2. 
 
 
Fig. 2. Smoke distribution in variation of induced velocities. 
Fig 2 shows that with the extraction system activation, smoke of downstream of the fire is effectively restricted to the 
region between the fire and the damper openings. When the induced velocity providing is less than 2.0m/s, it could not 
provide a sufficient airflow to prevent smoke spreading towards upstream of the fire, and the back layering length exceeds 
120m. When the induced velocity providing is larger than 3.0m/s, the back layering could be controlled in a shorter length 
and be maintained in the vicinity of the fire. It is observed that back layering could be prevented at 3.5m/s, while the 
downstream smoke spreads somewhat beyond the opening dampers. The relationship of back layering and induced velocity 
is shown in Fig 3. It can be seen that the back layering decreases with the increase of the induced velocity. 
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Fig. 3. Evolution of the back layering length with different induced velocities. 
4.2. Temperature distributions 
When the tunnel fire occurs, the temperature gradients would happen due to the heated smoke propagation. Fig 4 
presents the longitudinal temperature distribution with the extraction system changes with the induced velocity. 
Temperature in the vicinity of fire site is approximately 900 . The upstream temperature distribution changes significantly 
with the growth of induced velocity while the downstream changes slightly. 
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Fig. 4. Simulation results of temperature in variation of induced velocities. 
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Fig. 5. Temperature distribution curves (a) at height of 2m along centerline of upstream of fire site (b) on the central vertical axis at location of 30m 
upstream of the fire site. 
Fig 5 (a) shows the upstream temperature variation with induced velocity at height of 2m along the centerline of the 
traffic space. It can be concluded that increasing the induced velocity could lower upstream temperature, which is good for 
evacuation purpose. Fig 5 (b) shows the vertical temperature variation with induced velocities at location of 30m upstream 
of the fire site. When the smoke extraction system runs with different velocities of jet fans, the temperature gradients in both 
the longitudinal and transversal directions are changed. With the increasing of the induced velocity, the coupled effect of the 
extraction and jet fans would become more obvious for temperature variations accumulated in a shorter region. 
4.3. Visibility distributions 
Visibility in the tunnel could be affected by smoke propagating. With the central extraction system operating in variation 
of induced velocity, visibility can be achieved more than 10m out of smoke regions as shown in Fig 6. The upstream 
visibility and smoke propagation in variation of induced velocities demonstrates the similar trends as shown in Fig 2 and Fig 
6. When no back layering occurs, the upstream visibility could keep high levels. 
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Fig. 6. Simulation results of visibility in variation of induced velocities. 
5. Conclusions 
A numerical technique is used in this study to simulate the impacts of the induced velocity on the central extraction 
system in the high value of 100MW tunnel fire. Proper numerical models are configured by a series of analysis. The strategy 
of the extraction system in this study is that three of the downstream dampers are opened to extract smoke and upstream jet 
fans provide the induced velocity. Five different induced velocity cases under the same extraction system regime are studied. 
The distributions of smoke propagation, temperature and visibility are used as criteria to assess the effects of induced 
velocity on the extraction system in the large tunnel fire. The results are as follows: 
(1)The proper induced velocity could effectively prevent smoke propagating towards the upstream of the fire site, which 
is a desirable for smoke control. A larger induced velocity is needed for higher values of HRR fire to concentrate smoke in 
dampers opening region, then the extraction system could remove smoke more efficiently. 
(2)When the extraction system is activated during the large tunnel fire, the temperature upstream of the fire site changes 
significantly with increasing the induced velocity, which could be concluded by assessing distributions of the longitudinal 
and transverse temperature gradients in the tunnel. 
(3)Visibility in the event of the large tunnel fire could be achieved more than 10m out of smoke regions by employing the 
central extraction system. The visibility and smoke propagation are shown the similar trends in variation of induced 
velocities. Proper operation of the jet fans could improve the upstream visibility.  
(4)Consideration of the impacts of induced velocity on the criteria in the extraction system presented above, the induced 
velocity is needed a larger value (e.g., 3.5m/s is suitable in this study) in a high value of HRR tunnel fire to provide a 
tenable environment for evacuation. 
The current study is limited to the impacts of induced velocities on the central extraction system in a large tunnel fire. 
However, it is recommended that the impact of other factors be investigated in further studies. 
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